Background: The study was conducted to evaluate the analgesic, anti-inflammatory, antipyretic properties of ethanolic extract of Tacca integrifolia rhizome (EETI) in mice and cytotoxic effects in brine shrimp nauplii followed by a PASS prediction study for some isolated compounds of T. integrifolia. Additionally, this experiment included the in silico molecular docking and ADME/T property analyses of some phytochemicals.
Introduction
Pain, inflammation, and fever are the most common features people suffer from. The search for medication against nociception, inflammation, and pyrexia is increasing day by day due to the unwanted effects of existing anti-inflammatory, analgesics and antipyretic drugs [1] . Therefore, an alternative, safer and effective option is urgent to be searched. Plants and herbs have been used in Asian countries in traditional medicine to obtain analgesic, anti-inflammatory, and antipyretic effects [2, 3] . The brine shrimp lethality bioassay is an effective, quick and accessible that requires only a tiny amount of sample. This bio-analysis has a good contextual connection with cytotoxic activity in solid tumors and also possessed pesticidal activity. The bioassay also paves the way for the innovation of annonaceous acetogenins as an active antitumor agent [4] .
Virtual screening has an especial meaning to understand the pharmacological effect of the phytoconstituents [5] . Depending on the structural formula of the substances, the prediction of activity spectra for substances (PASS) software predicted greater than 4000 bioactivities [6] . Breast cancer is the most general cancer among the women in Western countries. One of the main reason of breast cancer is estrogen receptor alpha (ER-α). Breast cancer is due to the overexpression of ERα in a number of cases. Breast cancer begins in the inner lining of milk ducts and spread to the other parts of the body. In silico molecular biology uses computational models via computer simulation as used in systemic biology. As a result of a plenty of amount of data is now produced by molecular and experimental biologists, computational biology is surprisingly mandatory to handle it. Molecular docking analysis is also an in silico techniques, which methods are fundamental for the designing and planning of newer drug molecules using computer-aided drug discovery (CADD) techniques. A successful molecular docking must be able to dictate the native ligand pose with the binding site of the threedimensional protein structure and associated with physicochemical interactions [7] .
In this study, we evaluated the pharmacological attributes of Tacca integrifolia Ker Gawl. (Family: Taccaceae). The plant is a herb found in the forests of Chittagong, Chittagong Hill Tracts, and Moulavi Bazar, which is locally known as "Bara Hikand" and tubers are used as digestive and tonic [8] . In traditional medicine of Myanmar, its rhizomes have been used for the treatment of carbuncles, skin abrasion, skin diseases, and various kinds of cancers [9] [10] [11] [12] . In our current study, the crude rhizome extract of T. integrifolia were studied to explore their analgesic, anti-inflammatory, antipyretic, cytotoxic activities and also an in silico analysis of the antineoplastic (breast cancer) and antinociceptive activity using PASS program and molecular docking analysis with estrogen receptor alpha with the constituents obtained from the rhizome of T. integrifolia as well as the ADME/ T analysis.
Materials and methods

Plant material
The rhizome of the plant of T. integrifolia was collected from Sreemangal Upazila, Moulvibazar, Sylhet, Bangladesh during the month of October and November and identified by Dr. Sheikh Bokhtear Uddin, Chittagong University Herbarium, Department of Botany, University of Chittagong, Chittagong-4331, Bangladesh. A voucher specimen (accession no. 1108) has been preserved in the institutional herbarium of the aforesaid Department.
Extraction of the plant material and sample preparation
At first, the rhizomes were washed with tap water carefully before cut into small pieces and then dried for 7 days in shade at 22-28°C. Afterward, the pieces were grinded by a mechanical grinder and then passed through a size 60 mesh to obtain the fine powder. The materials were stored in an air-tight container. The resulting powder (600 g) was put in a clean roundbottom Erlenmeyer flask (5 L) and soaked in 4 L of ethanol for 15 days at room temperature with occasional shaking and stirring. The filtrate was collected through cotton plug followed by a Whatman no. 1 filter paper and evaporated by a Heidorph rotary evaporator at 45°C. That left us a gummy concentrate of dark yellow brownish color crude extract (w/W, 4.08%). At last, the crude extract was dried by freeze drier and preserved at 4°C [13] .
Chemicals and reagents
The chemicals used were: ethanol, acetic acid (Merck, Germany), Diclofenac sodium, Paracetamol (Eskayef Bangladesh Limited, Tongi, Bangladesh), normal saline solution (Orion Infusion Limited, Bangladesh) and Tween-80 (Sigma-Aldrich). Rests of the chemicals were of BDH and E-Merck analytical grade. Brewer's yeast was collected from the local market.
Experimental animals
For the experiment, adult Swiss albino mice (BALB/c) weighing between (12-30 g) of either sex were collected from animal house of International Centre for Diarrheal Disease and Research, Bangladesh (ICDDR, B), Dhaka. The animals were maintained under normal laboratory condition and kept in standard polypropylene cages at room temperature of (25 ± 2)°C and 60% to 65% relative humidity and provided with standard diet and water. Each group consists of five mice and to denote individual animal, they were marked as the group I, II, III, IV for test samples at the doses of 200 and 400 mg/kg BW and a normal control and positive control group was also maintained for whole intervention. Animals were handled and maintained according to the guidelines of Institutional Animal Ethics Committee of the Faculty of Biological Science of the University of Chittagong, Bangladesh (AERB/FBS/UC/02, 2015).
Acute toxicity test
Mice were divided into nine groups, each group consisting of five animals. Group I was given 1% Tween-80 in normal saline (2 mL/kg BW). The other eight groups (Groups II-IX) were administered, respectively, 100, 200, 400, 600, 800, 1000, 2000 mg of per kg BW. All animals were closely observed for the next 8 h to notice any behavioral changes or mortality and were kept under close observation for the next two weeks [14] .
Phytochemical screening
EETI was qualitatively evaluated for the detection of alkaloids, glycosides, phenolics, terpenoids, carbohydrates, flavonoids, steroids, tannins, saponins following standard procedures [15] .
Analgesic activity Formalin-induced paw licking test
Animals were given 20 μL of 2.5% formalin solution (7% formaldehyde) made up in saline and injected intraperitoneally in the ventral surface of the right-hand paw. Animals were observed from 0 to 5 min (neurogenic phase) and 15-30 min inflammatory phase and the time spent licking the injected paw was recorded as indicative of nociception. The animals were given EETI at 200 and 400 mg/kg BW 1 h before, with the basis of a previous time response curve. Positive control group received standard drug Diclofenac sodium at the dose of 10 mg/ kg BW [16, 17] .
Acetic acid-induced writhing test
The analgesic activity of the extract was studied using the acetic acid-induced writhing model in mice [18] . The animals were divided into normal control, positive control and test groups with five mice in each group. The animals of test groups received test samples at the doses of 200 and 400 mg/kg BW. The positive control group received standard drug Diclofenac sodium at the dose of 10 mg/kg BW. Test samples were administered orally 30 min before intraperitoneal administration of 0.6% acetic acid and also Diclofenac sodium was administered 30 min before injection of acetic acid. After an interval of 5 min, the mice have observed for specific contraction of the body referred to as 'writhing' for the next 30 min.
Anti-inflammatory activity Carrageen induced paw edema test
The anti-inflammatory activity was measured on mice of either sex (25-30 g) . The animals were randomly divided into five groups each of six animals [19] . Group I was administered with normal saline (10 mL/kg), group II with Diclofenac sodium (10 mg/kg), rest of the groups were treated with EETI (200 and 400 mg/kg, i.p.). After 30 mins of the above intraperitoneal administration, carrageenan (1%, 0.05 mL) was injected subcutaneously in the subplantar tissue of the right hind paw of each mouse. The inflammation was measured using plethysmometer (LE 7500 plan lab S.L) immediately after injection of carrageenan and then 1, 2, 3 and 4 h. The average foot swelling in a drug-treated animal, as well as standard, was compared with that of control and the percent inhibition (anti-inflammatory activity) of edema was determined using the formula.
Percent inhibitation ¼ ðA−BÞ=A Â 100
Where A represents edema volume of control and B as paw edema of tested group.
Antipyretic activity Brewer's yeast-induced pyrexia
The antipyretic activity of EETI was done by using BALB/c mice (25-30 g) of either sex. The animals were divided into five groups each of five mice. The normal body temperature of each mouse was recorded using a digital thermometer and then pyrexia was induced in all mice by injecting 20% aqueous suspension of Brewer's yeast (10 mL/kg, s.c.). All groups were fasted overnight but allowed free accesses to drink water and after the 24 h rectal temperature of each mouse was recorded. The induction of pyrexia was confirmed by rising in temperature more than 0.5°C, while animals showed a rise in temperature less than 0.5°C were excluded from experiment [20] . Group I received saline (10 mL/kg) as a negative control, Group II received Paracetamol (150 mg/kg) as a standard drug while the remaining groups III and IV received 200 and 400 mg/kg, i.p. EETI respectively. After drugs administration, rectal temperature was again recorded periodically at 1, 2, 3 and 4 h of drugs administration. The percent reduction in pyrexia was calculated by the following formula.
Where, B represents temperature after pyrexia induction; Cn, temperature after 1, 2, 3 and 4 h and A, normal body temperature.
Cytotoxicity assay Brine shrimp lethality bioassay
The brine shrimp lethality bioassay was carried out by the method described by Meyer et al., [21] for investigating the cytotoxicity of EETI. First of all, the dried extract preparations were dissolved in DMSO to obtain a solution of 10 mg/mL (1000 μg/mL) and from the stock solution, concentration of 800 μg/mL, 600 μg/ml, 400 μg/mL, 200 μg/mL, 100 μg/mL were made. The standard drug, Vincristine sulphate (VS) was used as positive control at concentrations 5 μg/mL -0.156 μg/mL. 5.0 mL of artificial seawater (made by using sea salt 38 g/L and the pH was adjusted to 8.5 using 1 N NaOH) was added into all the test tubes. Brine shrimp (Artemisa salina) was used as a suitable monitor for the cytotoxicity screening. The eggs of the brine shrimps were collected from local aquarium shop (Chittagong, Bangladesh) and hatched in artificial seawater under constant air supply for 24 h under appropriate light. The hatched shrimps were allowed to grow by 48 h to get nauplii (Brine shrimp larvae). After 48 h, the active nauplii were attracted to one side in a glass Petri dish by using a micropipette. The nauplii were then separated from the eggs by aliquoting them in another glass petri dish containing artificial sea water and used for the assay. The suspension containing 10 nauplii was added into each test tube and was incubated at room temperature (25 ± 1°C) under light for 12 h. The tubes were then assessed after 24 h and the number of surviving nauplii in each tube was counted by a 3X magnifying glass. Experiments were conducted along with VS in a set of three tubes per dose. The concentration that would kill 50% of the nauplii (LC 50 ) was determined from a linear regression equation using the software "Microsoft Excel 2013".
Selection of compounds for PASS prediction
The compounds betulinic acid, catsanogenin, quercetin-3α-arabinoside, chantrieroside A, taccasuboside D, ntriacontanol, taccabulin A, taccalonolide AA, taccalonolide AB, taccalonolide Z were selected based on the availability in T. integrifolia as major compounds through literature survey [10, 22] . Amongst them, betulinic acid, catsanogenin, quercetin-3-α-arabinoside, chantrieroside A, taccasuboside D, n-triacontanol, taccabulin A, taccalonolide Z were collected from PubChem database and taccalonolide AA, taccalonolide AB were drawn using ChemDraw v 17.
In silico experiment to predict the activity spectra for substances (PASS)
The selected phytoconstituents i.e. betulinic acid, catsanogenin, quercetin-3-α-arabinoside, chantrieroside A, taccasuboside D, n-triacontanol, taccabulin A, taccalonolide AA, taccalonolide AB, taccalonolide Z [10, 22] were subjected for evaluating the antinociceptive and antineoplastic (breast cancer) activity with the help of the PASS program. This analysis predicts the spectrum of activity of a compound as probable activity (P a ) and probable inactivity (P i ) [23] based on the structureactivity relationship (SAR) analysis of the training set consisting of more than 2,05,000 compounds showing more than 3750 types of bioactivities. The P a and P i values lie between 0.000 to 1.000. If the value of P a > P i, then it assumed that the compound is experimentally active. When the P a value is greater than 0.7, it means high pharmacological potentiality and the values following 0.5 < P a < 0.7 demonstrates the considerable pharmacological activity experimentally. When the value of P a < 0.5, the value exhibits a less pharmacological activity which may convey an opportunity for finding the new compound [24, 25] .
In silico molecular docking analysis Protein preparation
Three-dimensional crystal structures of estrogen receptor alpha (PDB ID: 3ERT) was downloaded in PDB format from the protein data bank [26] . After downloading as PDB format, the structure was prepared and refined using the Protein Preparation Wizard of Schrödinger-Maestro v10.1. Charges and bond orders were assigned, hydrogens were added to the heavy atoms, selenomethionines were converted to methionines, and all waters were deleted. Using force field OPLS_2005, minimization was carried out setting maximum heavy atom RMSD (root-meansquare-deviation) to 0.30 Å.
Ligand preparation
The target compound i.e. betulinic acid (PubChem CID: 64971), catsanogenin (PubChem CID: 436072), quercetin-3-α-arabinoside (PubChem CID: 5481224) were obtained from PubChem database. The 3D structures of the ligands were built by using Ligprep in Schrodinger Suite 2015 with the OPLS_2005 force field. The pH 7.0 ± 2.0 was used for the generation of ionization states of the compounds which used Epik 2.2 in the Schrödinger suite. Up to 32 possible stereoisomers per ligand were retained.
Receptor grid generation
Receptor grids were calculated for the prepared proteins for the observation of poses by various ligands bind within the active predicted site during the docking procedure. In Glide, grids were generated keeping the default parameters of van der Waals scaling factor 1.00 and charge cutoff 0.25 subjected to the OPLS_2005 force field. A cubic box of specific dimensions centered on the centroid of the active site residues was obtained for the receptor. The bounding box was set to 14 × 14 × 14 for docking experiments.
Glide standard precision (SP) ligand docking SP flexible ligand docking was carried out in Glide of Schrödinger-Maestro v10.1 [27, 28] within which penalties were applied to non-cis/trans amide bonds. For ligand atoms, Van der partial charge cutoff and scaling factor were selected to be 0.15 and 0.80, respectively. Final scoring was done on energy-minimized poses and showed as Glide score. The best-docked pose with the lowest Glide score was recorded for each ligand.
ADME/T property analysis
Ligand base ADME/toxicity prediction The QikProp module of the Schrödinger (Maestro v10.1) is a quick, precise, easy-to-use absorption, distribution, metabolism, and excretion (ADME) prediction program designed to get certain descriptors linked to ADME. It predicts both pharmacokinetic and physicochemical significant descriptors relevant properties. ADME properties ascertain drug-like activity of ligand molecules based on Lipinski's rule of five. ADME/T properties of the compound (betulinic acic, quercetin-3α-arabinoside, and catsanogenin) were analyzed by Qik-Prop 3.2 module [29] .
Statistical analysis
The results obtained were expressed as mean ± SEM (Standard error of mean) of five animals. For statistical analysis, ANOVA was followed by post hoc Dunnett's test for multiple comparisons. Effects were considered to be significant at the p < 0.05 level. The statistical analysis was carried out in SPSS (version 16.0).
Results
Acute toxicity test
The current study confirmed that oral administration of the EETI is safe as none of the doses (100, 200, 400, 600, 800, 1000, 2000 mg) exerted any mortality, morbidity or any kind of unwanted changes in behavior during the 8 h observation period.
Phytochemical screening
The phytochemical screening of EETI revealed that it possessed alkaloids, phenols, terpenoids, carbohydrates, flavonoids, steroids, saponins. The test also indicated the absence of glycosides, cardiac glycosides, tannins, and phlobatanins. The findings are summarized in Table 1 .
Analgesic activity Formalin-induced paw licking test
The results of the experiment exhibited that both 200 and 400 mg/kg doses of EETI showed highly significant (p < 0.001) percent inhibition of writhing in both neurogenic phase (42.40% and 63.25% respectively) and inflammatory phase (41.09% and 48.63% respectively) while standard drug Diclofenac sodium showed 73.67% and 66.56% in both phases respectively. The analgesic activity exerted by EETI was found highly significant (p < 0.001) compared to control and presented in Table 2 .
Acetic acid-induced writhing test EETI showed highly significant (p < 0.001) percent inhibition of writhing in Acetic acid-induced writhing test compared to control. Both the doses of EETI (200 and 400 mg/kg) exhibited 57.53 and 62.54% inhibition of writhing respectively where Diclofenac sodium (10 mg/ kg) showed 63.01%. This confirms the significant analgesic activity of EETI. Table 3 represents the results of the test.
Anti-inflammatory activity Carrageen induced paw edema
The results of the experiment using Carrageenaninduced paw edema to evaluate anti-inflammatory effect of EETI are presented in Table 4 . Both the doses (200 and 400 mg/kg) of EETI exerted marked (p < 0.01) antiinflammatory potential. The percent inhibition of paw volume is presented in Fig. 1 . However, maximum 60.90% of inhibition was showed by 400 mg/kg dose of EETI at the 3 h, while Diclofenac sodium (10 mg/kg) showed 75.60% inhibition at the same time period compared to control.
Antipyretic activity
Brewer's yeast-induced pyrexia Hyperthermia, induced by yeast, was markedly (p < 0.01) lessened by the EETI compared to control. Table 5 showed the results which indicated that the percent inhibition was dose-dependent and remained significant up to 3 h of administration. The maximum antipyretic effect 77.51% was observed at 400 mg/kg while the standard drug Paracetamol (150 mg/kg) showed 90.33% inhibition. The percent inhibition results are presented in Fig. 2 .
Cytotoxic activity
In brine shrimp lethality bioassay, the EETI exhibited an optimistic result in comparison with the positive control vincristine sulphate. By plotting the concentration versus percentage of mortality for all test samples showed an approximate linear correlation. From the graph, the median lethal concentration (LC 50 ) was calculated. Cytotoxic effect of the extract was summarized in Fig. 3 . The LC 50 for the EETI was found 114.46 μg/mL respectively, and that of the standard VS was 0.56 μg/mL. DMSO was used as negative control for validating this method.
In silico pass prediction
A total of 10 phytoconstituents namely betulinic acid, catsanogenin, quercetin-3-α-arabinoside, chantrieroside A, taccasuboside D, n-triacontanol, taccabulin A, taccalonolide AA, taccalonolide AB, taccalonolide Z were screened for the antineoplastic (breast cancer) and antinociceptive effects by the aid of the PASS program and the results were used in a resilient manner. The selected compounds exhibited higher P a than P i ( Table 6 ). The compounds betulinic acid and catsanogenin showed highest P a value for both antineoplastic activities for breast cancer and antinociceptive activity ( Table 6 ). Quercetin-3-α-arabinoside has exhibited a considerable pharmacological activity for breast cancer (P a = 0.628).
In silico molecular docking analysis
At present, computational techniques have been effectively used for the prediction of drug-target binding affinity and to understand the possible molecular mechanism of the pharmacological responses. Keeping this in view, in silico molecular docking study between ligands and protein were performed to understand comprehensibly that mechanisms and to confirm their findings with the experimental results. In this study, 10 major compounds of T. integrifolia were tested against the target enzymes (Human estrogen receptor alpha, PDB ID: 3ERT) and the docking scores obtained for the best-ranked pose for all compounds have been reported in Table 7 .
The best pose found for betulinic acid in the enzymatic pocket of Human estrogen receptor alpha was stabilized by the formation of two hydrogen bonds (H-bonds) with Glu380 and Leu536 with a docking score − 4.599 Kcal/mol as shown in Fig. 4 . Additionally, Catsanogenin binds to the enzymatic pocket of the Human estrogen receptor alpha by forming a series of H-bonds with Glu380, Cys530, Met528 residues (docking score: − 4.814 Kcal/mol), while Quercetin-3-α-arabinoside interacted with the same enzymatic pocket by establishing 3 H-bonds with Met522, Asp351, and Val534 (docking score: − 6.511 Kcal/mol). On the other hand, the remaining phytocompounds didn't show any interactions SEM standard error of mean, n = 5, where n is the number of mice. Values in the figure are expressed as mean ± SEM, *p < 0.05, **p < 0.01, ***p < 0.001 significantly different in comparison with control. The data was analyzed by ANOVA followed by Dunnett's test with Human estrogen receptor alpha for cytotoxic activity.
ADME/T property analysis
Ligand based ADME/toxicity prediction
The drug similar attitude of the ligand molecule was determined using ADME properties by QikProp module of Schrodinger Maestro v10.1. The ADME/T properties of betulinic acid, quercetin-3-α-arabinoside and catsanogenin were determined with QikProp module of Schrodinger, shown in Table 8 . The selected properties are known to affect the cell permeation, metabolism, and bioavailability. Predicted properties of betulinic acid were in the range for satisfying the Lipinski's rule of five to be recognized as drug-like potential. Betulinic acid and catsanogenin possessed a higher rate of human oral absorption.
Discussion
To evaluate both central and peripheral analgesic activity along with the antipyretic activity of EETI formalininduced paw licking test, acetic acid-induced writhing test and Brewer's yeast-induced pyrexia test were conducted respectively. Formalin-induced paw licking test is an established method for evaluating central analgesic activity. In this test, two distinguishable different stimuli involve and thus the animals exhibits two phases of pain actions [30] . The early phase may include the nociceptors and the direct action of formalin in it and centrally acting analgesics suppress it. On the contrary, the late phase occurs as a result of the inflammation which is mediated by different inflammatory mediators like prostaglandins, bradykinin or histamine and subdued by centrally acting analgesics, sometimes with steroids and sometimes by non-steroidal anti-inflammatory drugs (NSAIDs). In this study, both in neurogenic phase and inflammatory phase, the two doses 200 mg/kg and 400 mg/kg, EETI produced highly significant (p < 0.001) effects in the formalin test. That means the plant extracts may pose its analgesic activity by centrally acting or peripheral mechanisms. This observed analgesic activity may be as a result of phytochemicals presents in the extracts [31] . Out of several different modes to select administrative doses for animal models, selection based on acute toxicity-test and LD 50 value is our prime choice. According to the theory, prior to intervention, a group of animals is received a gradually increased dose to apprehend a toxic dose which leads to calculate LD 50 . The effective therapeutic dose was taken as one tenth of the median lethal dose (LD 50 > 2.0 g/kg) [32] which is practically justified using a logarithmically linked dose. Additionally, the reference control is a pure single molecule drug which is established as 10 mg/kg BW for its effectiveness. On the contrary, the crude extract is usually reported to have relatively lower absorption that is harmonized with it LD 50 based relatively higher doses. Indeed, ethanol is no doubt a very good solvent for polyphenols and flavonoids extraction and is safe for human consumption [33, 34] . Our target was to collect the polyphenols-rich extract probably having the target biological effects [35, 36] designed for this research. Methanol has been avoided as it is generally found to be more efficient in extraction of lower molecular weight polyphenols which suffers from our target. The peripheral analgesic activity is determined by the administration of vicious chemicals such as acetic acid intraperitoneally which resulting writhing response of mouse [37] . Several inflammatory mediators e.g. prostaglandins, histamine and bradykinin are induced by the intraperitoneal administration of acetic acid thus stimulating pain sensation [38, 39] . At the time of the writhing test, the level of prostaglandins, especially PGE2 and PGF2α and also the lipoxygenase products in the peritoneal fluids are markedly raised [40, 41] . Analgesic activity is possessed by the extracts if the extracts are able to recede the acetic acid-induced writhing in mice. In our observation, EETI showed highly significant (p < 0.001) percent inhibition of writhing in the acetic acidinduced writhing test. The EETI of the plant might be hindered the biosynthesis, release and/or action of the chemical agent like prostaglandins and leukotrienes from cyclo-oxygenase and lipo-oxygenase pathways, respectively and thus exhibiting analgesic property by inhibiting the pain sensation. The presence of alkaloids may avail this analgesic activity [42] .
Carrageenan-induced paw edema test is a wellestablished and most widely used test to evaluate the anti-inflammatory potential of plants and drugs [43, 44] . Inflammation is a complex process as it involves the activation of various mediators like prostaglandins, kinins, platelet activating factors, leukotrienes, neutrophils and several cytokines including interleukins and tumor necrosis factors [45] . These mediators play an important role in the development of edema [46] . The administration of carrageenan gives the rise of bradykinin along with prostaglandin and other autacoids. Neutrophils and free radicals like hydrogen peroxide, superoxide, and hydroxyl radicals are also released by the carrageenan and play a significant role in the formation of edema [47, 48] . However, Carrageenan-induced paw edema is a biphasic event. The release of kinins, serotonin, and histamine occurs in the initial phase whereas prostaglandins, lysosomes and protease are released in the later phase. This later phase is sensitive to most clinically effective anti-inflammatory drugs [49] . The results of the current study showed that EETI possessed marked antiinflammatory potential as its 400 mg/kg dose significantly inhibited inflammation (From a 2nd hour and onwards) induced by carrageenan injection. This indicated that EETI probably inhibited either cyclooxygenase and/ or lipo-oxygenase enzyme or the synthesis, release, and action of above inflammatory mediators. Pyrexia is inclined by subcutaneous injection of Brewer's yeast as it uplifts the prostaglandin synthesis and considered as an important test for the identification of antipyretic effect on several plant materials and other synthetic drugs [19, 50] . Yeast-induced pyrexia is known as pathogenic fever which causes the synthesis of prostaglandins [51] . Obstruction of cyclo-oxygenase pathways leads to the curbing of prostaglandins and might be a possible mechanism of antipyretic activity as that of several non-steroidal anti-inflammatory drugs (NSAIDs). Blocking of different mediators for pyrexia are responsible for the antipyretic effect [52] . In this experiment, the intraperitoneal administration of EETI markedly (p < 0.01) lessened the yeast-induced hyperthermia in the feverish mice. Thus it can be presumed that EETI has certain pharmacologically active components which are responsible for the interference with the release of prostaglandins and by this way, reducing the body temperature.
Plant material toxicity is an important concernment for researchers and scientists [53] [54] [55] [56] . Due to this purpose, the cytotoxicity assay was performed in this study for the determination of toxicity profile of the EETI using brine shrimp lethality bioassay. According to Meyer et al. 1982 , crude extracts and pure substances In the purpose of accelerating the potent natural product research, computer-aided drug discovery (CADD) program PASS was used for the biological activity prediction. Pass prediction tool was consists of using 20,000 principal compounds [57] . The results of the prediction were demonstrated as P a and P i ratio. In this experiment, betulinic acid and catsanogenin have shown the maximum P a value for both antineoplastic and analgesic activities. Quercetin-3-α-arabinoside possessed a higher rate of antineoplastic activity against breast cancer showing the P a value of 0.628. Among the 10 compounds our docking study suggests that betulinic acid, catsanogenin, and quercetin-3-α-arabinoside may be the responsible bioactive phytochemicals for potential cytotoxic or anticancer activities of the plant. According to the Glide Docking score and Glide energy we can see that among these three compounds quercetin-3-α-arabinoside is the potent compound, although further in vivo studies are needed to explore their in-depth mechanism of action. This finding is also consistent with the literature data since an earlier report stated that both compounds (betulinic acid and quercetin-3-α-arabinoside) have anticancer properties. Breast cancer is the most common tumor for cancer progression in the industrialized countries and it is one of the most important reasons for cancerrelated mortality [58] . Tumor expression of estrogen receptors (ERs) predicts the response to treatment of breast cancer as estrogen is concerned physiologically with a greater risk for breast and endometrial cancer [59] . The change of activity of ERs induces cancer regression especially estrogen receptor alpha (ER-α) [60] . ER-α is a carping regulatory gene for the improvement of the breast cancer and its expression is crucial for tumor progression. In this study, components from the rhizome of plant T. integrifolia i.e. betulinic acid, catsanogenin, quercetin-3-α-arabinoside were investigated for the interaction with estrogen alpha receptor ligand binding domain. All the compounds possessed a higher attraction towards the ligand binding domain of estrogen alpha receptor and the blockade may be due to strong ligand-protein complex formation. The compound quercetin-3-α-arabinoside showed highest docking score of − 6.286 kcal/mol. For natural product chemists, the necessity of virtual screening is significant for the quest of active principles with attractive ADME/T profiles which have been separated before but not analyzed for activity against specific drug targets [22] . The ADME and toxicity profiles of the compounds betulinic acid, catsanogenin, quercetin-3-α-arabinoside are moderate and they are thought to be potential drug in terms of better pharmacokinetic parameters with the less amount of toxicity.
Conclusions
The investigation indicated that EETI is safe to show significant analgesic activity and moderate anti-inflammatory, and antipyretic activity. However, the extract is cytotoxic to the brine shrimps naupliis. Moreover, from the in silico PASS prediction, the isolated phytoconstituents are greatly impacted for analgesic and anticancer activity against breast cancer. But, quercetin-3-α-arabinoside could be chosen based for its best fitness score and betulinic acid seems the highest capability to be absorbed upon oral administration.
Abbreviations ADME: Absorption, distribution, metabolism, and excretion; BW: Body weight; CADD: Computer-aided drug discovery; EETI: Ethanolic extract of Tacca integrifolia rhizome; ER-α: Estrogen receptor alpha; LC 50 : Lethal concentration; i.p: intraperitoneal; NSAIDs: Non-steroidal anti-inflammatory drugs; PASS: Predict the activity spectra for substances; s.c: subcutaneous; VS: Vincristine sulphate Accessible Surface Area in using a probe with a 1.4 radius (acceptable range: 300-1000). e Predicted octanol/water partition coefficient (acceptable range: − 2-6.5). f Predicted blood-brain partition co-efficient (acceptable range: −3-1.2). g Predicted aqueous solubility, S in mol/dm − 3 (acceptable range: −6.5-0.5). h Predicted human oral absorption on 0 to 100% scale (< 25% is poor and > 80% is high)
